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TECHNICAL REPORT NO. 40

- Scattering Screens for SubjeCtiVe Testing

Eight 121/8" x 151/8" screens of good quality have
been delivéred to the sponsoring agency for subjective
evaluation.- Table I lists the eight sample screens, along
with a possible set of independent variables of the experi-
ment. Two typéS'of scattering layer were employed, having
glass-binder volume ratios of 0.57 and 1.0. Thé axial gain
values fall in three groups typified by the approximéte
values 3.5, 5, and 6. Four different substrate transmittances
were selected as shown. ,

‘The properties of the scattering layer alone were
measured and appear in the left side of Table II. The axial
gain B(0) is the same as in Tabie-I,’ Brightness.variation
within 45° of the axis is V,5 = [B(0)-B(45)]/[B(0)+B(45)] and
a similar definition holds for V35. The fraction of incident
parallel radiant power transmitted into a 45° half-angle cone
is T45. " Similarly Tgo and_T30 represent efficiencies of
transmittance into the forward hemisphere and a 30° half-angle

~cone, respectively. The diffuse reflectance Ry i1s measured as

the fraction of the incident parallel beam power diffusely
reflected iﬁto a hemiéphere. The right-hand half of the

table lists complete séreen properties calculated, except in
the case of ap, from the scattering layer properties and the
substrate transmittance Ty. These quantities give an approxi-
mate description of screen performance in that no corrections
have been made for variation of Ty as a function of the angle
at which a given ray passes through the substrate, or for the
effects of refraction of the rays upon leaving the substrate.
These effects could change the values by 5 — 10%. The '

trapped light ratio ¢, was directly measured on the assembled

T
screens. - All screens have an antireflection coating on the
substrate surface facing the observer. This reduces specular

reflection from the glass-air value of approximately 4% to well
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below 0.5% throughout most of the visible spectrum, for
angles of incidence up to 30°. Figure I shows the coating
firm's (Optical Coating Laboratory, Inc., Santa Rosa,
California) measurement of the reflection spectrum of one -

of our coated plates.

1.1 Scattering Layer Properties

The AQ Series and AR Series screens of Tables I
and II belong to a large group of trial screens having
the same layer composition but varying in layer thick-
ness. Table III lists these screens, their scattering
layer properties, the substrate transmittances; and the
trapped light ratios for some'of the larger ones.
Screens AQ-9, 10, 19, 21, 22 and AR-24, 25, 26 weré cast
with the 131/2" knife while the remainder in Table IIT
were cast with the 2" knife. The scattering data from
Table III are represented by the smooth curves of
| s Figures 2 — 5. The individual points plotted in these
| figures represent corresponding data for the candidate
k Lo ~ screens for subjective evaluation. The x's represent
| data for AL-4 and AL-5. ’
| _ 1.1.1 Efficiency
; | -~ The curves of TQO' T30, and Tysg %n Figé. 4

: and 5 show an unexpected dropoff at high gains.
| Microscopic observation revealed a qualitative
@ o change in the character of the scattering layer
as it was made thinner — a network of dark
crevices appeared. This is also accompanied by
an increase in diffuse reflectance. The behavior
of screens AL-4 and AL-5, which have a low binder
‘content and a thin layer, is consistent with this
‘structural change also. AL-4 and AL-5 are
; : significantly less efficient and more.diffusely
" reflecting than the AQ and AR type. Of all the

glass particle screens we have fabricated, the
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AQ — AR Series are the most efficient in the
axial gain region of interest. They are 75 —
80% as efficient as the theorétical thin screens
-treated in P-19-30 which, as pointed out earlier

(P-19-39), are intrinsically more efficient.

1.1.2 Resolution
' The dry thickness of the AQ — AR Series
is 3 — 4 mils and, contrary to expectations,

" mainly volume scattering is involved. The resolu-
tion; however, estimated qualitatively'by the
contact method, does not appear to decrease rapidly
with increasing thickness. All the candidate
'sampleé;appeared to have aéceptable contrast. at.

f“ 10 1li/mm. Scintillation occurs in all these
screens ard is undoubfedly a factor in degrading the:
resolution. Modulation transfer functions have

yet to be measured.

1.1.3 .Brightness Distribution Curves
The brightness gain B(p) as a function of
angle is tabulated for the candidate screens in
Table IV. The normalized gain B(8)/B(0) is plotted
_ in-Figures 6 — 8. '
1.2 Trapped-Light and Ambient-Light Properties of Assembled
Screens. .
The right-hand half of Table II lists the quantity
RDTsz' which is a good approximation to the effective ~
diffuse reflectance for ambient light. All candidate
screens except AL-4 thus have an effective diffuse
reflectance less than 5%.
The trapped light ratio ap wWas measured on the
full-size assembled screens. The efficacy of substrate
absorption in reducing trapped light is evident from

the tabulated values.
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Table I

Values of the independent variables, glass-binder volume
ratio, axial gain, and substrate transmittance, for the eight

screens submitted for subjective testing.

Sample , Scatter Lavyer Substrate
Trans.

~glass vol. Axial Gain T
binder vol. : - B(0) s
AQ-18 | 0.57 - 3.54 69
AQ-11 - o 0.57 3.96 - 46
1 20-17 0.57 - , 3.39 33
AQ-20 : 0.57 v 3.12 : 22
AR-28 0.57 | - 6.14. 69
AR-27 . 0.57 6.07 46
AL-4 1.0 ' 5.3 . 69
AL-5 ~ | 1.0 5.19 . 46
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Table II
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P-19-40
4/25/69

Measured scattering properties of the scattering layer and performance parameters for

the assembled rear-view screens submitted for subjective testing.

2.39 17 12 4.2

Sample Scattering Layer Only Complete Rear-View.Scréen
2
B(0) v v T T T. R T B(O)T T T R.T a

' %45 %30 %90 %45 %30 %D %S | s %45 %30, D%s %T

AQ-18 3.54 51 34 66 47 30 S.5 69 2.45 32 21 4.5 0.63
AO-11 3.96 56 38 68 49 32 10.7 46 1.82 23 15 2.3 0.133
CAQ-17 3.39 50 | 36 64 45 29 9.5 33 1.12 15 10 1.03 0.081
AQ-20 3.12 46 29 62 45 28 9.5 22 0.69 10 6 - 0.46 0.062
- AR-28 6.14 72 54 73 57 41 9.5 69 4,23 39 |28 4.5 0.24
AR-27 6.07 70 53 74 59 41 9.5 46 2.78 27 19 2.0 0.086
AL-4 5.30 72 62 56 39 26 20 69 3.66, .21 18 9.5 0.74
AL-5 5.19 | 72 |62 |54 | 38 26 |20 46 0.135
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Table III

Scattering layer properties, substrate transmittances, and-
selected trapped light ratios for AQ and AR series screens.

Wet :
 Thickness Vg Vo Too Tas Tio Rp Tg g
Sample Mil- B(0) % % % % % % % %
A0-1 3 12.59 89 81 68 55 43 8.1 97
2 3 12.30 89 80 68 55 43 9.1 47
3 5 9.48 81 66 79 65 47 6.2 47
4 5 9.86 84 67 78 64 48 6.2 97
5 7 6.88 76 55 76 59 42 8.1 97
6 7 5.76 69 52 74 54 36 8.1 47
7 9 4.15 52 37 70 53 33 8.3 47
8 9 3.57 51 33 69 48 31 8.3 97
9 8.7 4.32 59 42 68 50 33 7.8 97 3.3
10 8.7 4.56 62 43 70 51 34 7.8 47  0.11
12 11 2.98° 42 28 66 44 27 9.7 97
13 11 2.90 40 29 64 43 26 9.7 47
14 10 3.28 49 31 66 46 28 8.8 47
15 10 3.43 46 - 31 68 48 30 8.8 97
19 11 3.00 44 28 64 44 26 10.3 97 4.9
21 12 2.46 37 26 59 38 23 a7
22 12 3.01 44 28 64 44 27 97
AR-1 11 4.98 62 48 71 52 34 47
2 11 5.84 69 50 74 57 39 97
3 9 6.30 71 53 74 59 41 47
4 9 6.88 73 55 77 61 43 97
5 10 5.36 63 48 75 55 36 47
6 10 5.38 65 46 76 57 38 97
7 12 3.56 46 33 70 48 29 47
8 12 3.98 54 36 71 52 33 97
9 12 3.92 49 35 73 50 32 71
10 9 5.08 61 44 74 57 39 47
11 9 5.36 64 46 76 - 59 40 97
12 10 5.85 67 49 76 59 = 40 47
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Wet _
Thfiiigss Ves V3o Too T4s T30 Rp Ts  op
Sample Mil B(0) % % % % % % % %
13 10 5.20 63 44 74 57 37 97
14 11 4.73 63 41 74 55 36 47
15 11 4.67 59 44 72 53 35 97
16 12 4.18 54 35 72 53 33 47
17 12 = 3.18 43 25 69 47 28 97
18 9 5.54 64 45 78 60 41 47
19 9 6.05 69 50 76 5% 41 97
20 8 7.51 75 57 78 62 44 8.3 47
21 8 7.03 74 57 78 60 43 8.3 97
22 9 6.40 69 50 80 64 44 9.3 47
23 9 6.12 67 50 78 61 41 9.3 97
24 9 7.61 176 59 78 61 44 9.3 97
25 9 7.30 74 5% 76 60 42 9.3 47
26 9 7.30 75 58 78 62 44 9.3 47
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' “Figure 1. Typical reflection spectrum for antireflection coatings applied to observer side of screens

submitted for subjective testing. Lower curve is for 12° angle of incidence, upper curve
for 30°. '
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Figure 2. Brightness variation V45 versus axial gain for the AQ and AR Series
screens. Solid curves represent the average of the data from Table III.

Individual points represent data for candidate screens of Tahle TI.
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Figure 3. Brightness variation V,, versus axial gain for the A nd AR j
screens. Solid curves3orepresent the gverage of thengta rorsne;l:é%fe

IIT. 1Individual points represent data for candidate screens of Table II.
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Figure 4. lefuse transmlttance Ty into the fogward hemisphere and diffuse
transmittance TSO into tlee forward 30  half-angle cone for the aQ and

. es re resent the average of the data from .
AR Series screens . SOlld curves repres age, he data from, .. 11,
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Figure 5.

Diffuse transmittance T into the forward 45° half-angle cone and diffuse
reflectance R, for the %\% and AR Series Screens, versus axial gain. Solid
curves represgnt the average of the data from Table III. Individual points
represent data for candidate screens-of Table II:
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Figure 7. Normalized gain versus angle for candidate
screens AQ-l7, AQ-11 and AR-27.

Declassified in Part - Sanitized Copy Approved for Release 2012/09/06 : CIA-RDP79I300873A001900010037-4



»

Declassified in Part - Sanitized Copy Approved for Release 2012/09/06 : CIA-RDP79B00873A001900010037-4

P-19-40
23 RS 4/25/69

el

(RERY ERR RN

<
,l]
20
i
©

4

I
Pid

&

I 4
N
PLd
()
]
NN

o1 T "% L
o = AR =3
!°8 :

2

. -or‘ k R0 :

NORMALIZ E D GAIN  B(6)/ B(0)
il
’p_

-05

S04 : l‘.

"

| ”‘d‘d""

02

0!

0 1w 20 30 H 0 €0 70 80 90
& (beg)

Figure;8{ Normalized gain versus angle for candidate
screens 2Q-18, AR-28 and AL-4.
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